For successful conservation and breeding of a medicinal species, it is important to evaluate its genetic diversity as well as its content of phytochemical compounds. The aim of the present study was to investigate the genetic variation of Iranian natural populations of W. somnifera and W. coagulans, using the RAPD (random amplified polymorphic DNA) markers, and their withaferin A content. Using 16 RAPD primers, a total of 282 RAPD bands were achieved. The highest and lowest percentages of polymorphism were observed with primers OPAD-15 (100.0%) and OPC-06 (75.0%), respectively. Cluster analysis of the genotypes was performed based on data from polymorphic RAPD bands, using Dice's similarity coefficient and the UPGMA clustering method. Variations in the RAPD results were found to reflect geographical distribution and genetic factors of the plant populations. The HPTLC analysis of the studied samples revealed the presence of withaferin A in W. coagulans and W. somnifera. Moreover, the concentration of withaferin A had a range from 2.2 to 32.5 µg/g DW and was higher in the aerial part than in the root in all used samples. The results of the present study show that there is a high level of variation in the Iranian natural population of Withania, which is significant for conservation and breeding programs to improve production of withaferin A.
The genus Withania is an important member of the Solanaceae family. Twenty-three known species of Withania are widely distributed in the drier parts of the tropical and subtropical zones, ranging from the Canary Islands, the Mediterranean region and northern Africa to the Southwest of Asia [1a-1c] [4] . Medicinal properties of the plants, especially, W. somnifera, have been attributed to several classes of steroidal lactones called withanolides [5] . These secondary metabolites are a group of naturally occurring C 28 -steroidal lactones built on an intact or rearranged ergostane framework, in which C-22 and C-26 are appropriately oxidized in order to form a sixmembered lactone ring. [6a] . Withaferin A ( Figure  1 ), as the most important withanolide, has been isolated and reported to be an inhibitor of angiogenesis and thus protective in certain types of cancers [3a,6b,6c] . In spite of the medicinal interest of W. coagulans [6d] there have been few studies about the phytochemical composition of this species. The presence of several withanolides has been reported [7a,7b] , including that of withaferin A, which is found to be in W. coagulans [8] in a similar range to W. somnifera.
In recent years, as a result of breeding programs, registration of medicinal plant cultivars has increased. The improvement of biological production traits and modification of the accumulation level of biologically active agents are the most important goals of any medicinal plant breeding program. On the other hand, exploring the genetic diversity of medicinal plant species is the most important step of any breeding program [9a] . Genetic diversity also has implications for conservation at the species level and the assessment of genetic variability is the first step in evaluating the long-term conservation status of species in natural conditions [9b,10]. Recently, DNAbased molecular markers as RAPD (random amplified polymorphic DNA) have been used to provide information on genetic variation in plant species.
RAPD analysis has been used to describe population structure and genetic polymorphism in many species, especially in some medicinal plants such as [8, 13] , high-performance thin-layer chromatography (HPTLC) [14a,14b] . HPTLC is a powerful analytical technique due to its merits of reliability, simplicity and speed. Currently, HPTLC is becoming a routine analytical technique owing to its advantages of low operating cost, high sample throughput, need for minimum sample clean-up and being a widely accepted technique for its high accuracy, precision and reproducibility [14c,14d]. Furthermore, it permits a simultaneous assay of several components in a multicomponent formulation or plant material [15] . The natural populations of W. somnifera and W. coagulans are distributed throughout the drier parts of subtropical areas, ranging from Southeast to Southwest of Iran [16a] ( Figure 2 ). These populations have decreased in number and size in recent years, because of wild harvesting and also ecological disasters such as drought. It is thus considered to be a highly threatened population whose conservation and introduction is necessary [16b] .
Considering the lack of information about the diversity of Withania in Iran, the aims of this study were to evaluate genetic variability in the populations of W. somnifera and W. coagulans based on RAPD markers; to determine withaferin A content within and among natural populations in different habitats over a large geographical range.
Seventy-three primers were investigated of which 16 primers produced informative and reproducible polymorphic bands in different populations of W. somnifera and W. coagulans. Only consistent and reliable bands were scored and ambiguous bands were ignored. The number of amplified bands per primer varied from 11 to 29, with an average of 17.62. Using the 16 selected primers, 282 RAPD bands were scored, ranging in size from 300 to 3500 bp (Table 1 ). The number of polymorphic bands per primer varied from 9 to 26 with a mean of 15.56. An example of the profiles obtained with one of these selected primers (BE-18) is presented in Figure 3 and some of the polymorphic and monomorphic bands are indicated. RAPD analysis showed 33 monomorphic and 249 polymorphic bands in different genotypes. Table 2 ). The similarity matrix for different populations of W. coagulans revealed that the lowest similarity (0.79) was between the genotypes Nikshahr (no. 26) and Espakeh (no. 29) and that the highest similarity (0.95) was between the genotypes Suran (no. 25) and Iranshahr (no. 28; Table 2 ).
The RAPD data was clustered using the NTSYS-PC (Numerical Taxonomy and Multivariate Analysis System) statistical package (v. 2.02) to generate a phenetic dendrogram ( Figure 4 ). The cophentic correlation coefficient indicated a correlation of r = 0.998 between the similarity matrix and the UPGMA dendrogram, indicating a good representation of the relationships among natural populations of both species. According to the dendrogram (Figure 4) In the case of W. coagulans with limited distribution in Iran (Sistan and Baluchestan Province), cluster analysis demonstrated that most populations of this species have a high level of similarity (> 87%, Figure  4 ). In previous study it has been observed that the population of W. coagulans obtained from the Barmer district of Rajestan in India exhibited a low level of variability, which was attributed to the small population size analyzed [12c]. Characterization of the genetic variation is an essential first step towards executing any organized plant conservation or breeding program. Molecular markers represent powerful and rapid tools for characterizing diversity within the target species. A wide array of molecular markers is now available. One of these marker systems, RAPD, was employed in the present study for detecting genetic relationships within the Withania genotypes in different habitats over a large geographical range of Iran.
Our study revealed that the genetic distance between Withania species is relatively high. An average of 88.5% polymorphic fragments was detected per assay, which was due to genetic differences between species. The mean percentage of polymorphic markers in W. somnifera populations was also higher than W. coagulans populations (Table 1) . Cluster analysis of the data matrix of Withania populations employing UPGMA resulted in the differentiation of W. coagulans from W. somnifera. Our results also confirmed that the key factors affecting genetic diversity within populations are geographic distribution, and reproductive biology [17] . The reproductive systems in Withania are varied and at best incompletely understood, particularly in terms of functional field reproductive biology. This genus, like the family, is characterized by hermaphroditic flowers. W. somnifera is an autogamous and self pollinating species [18] so when geographical distance between populations increases, results in an increase in genetic distance. In general, the autogamous species showed greater differences between populations than within them. Consequently, the reproductive system would appear to influence inter-and intrapopulational variability. In the present study the populations of W. somnifera, as an autogamous species; showed high genetic variability related their geographical distance. Similar conclusions have been reported previously for other plants [19a,19b] . On the other hand, W. coagulans is a dioecious and cross pollinating plant [1c] with limited distribution in Iran growing only in the Sistan and Balouchestan province. Geographical range has been shown to be a good predictor of the levels of variation in plants [17, 20] . Thus, geographically restricted species, usually consisting of small, isolated populations, are more susceptible to losses of genetic variation due to genetic drift and restricted gene flow [20] . In the case of this species some samples belonging to the same location such as Fanuj 1 (no. 12) and Fanuj 2 (no. 13) are represented in different branches due to gene flow between populations and genetic diversity within population. This phenomenon is a common characteristic of cross pollinated and geographically restricted species [21] .
Various mobile phases were investigated for the reproducible resolution of withaferin A via HPTLC. This was achieved on optimizing with ethyl acetate/toluene/formic acid/2-propanol (7:2:0.5:0.5).
A peak corresponding to withaferin A was recognized at Rf 0.29. The methanolic plant extracts under HPTLC, showed the presence of withaferin A. Comparison of the Rf and UV spectrum of this peak with authentic withaferin A confirmed the identity. A quantitative calibration of withaferin A was undertaken at 80, 120, 160, 200, 400, 800, and 1200 ng spot −1 (Y=7.988X+460.19, R 2 =0.9963) and linearity established ( Figure 5 ). The limit of detection (LOD) and limit of quantification (LOQ) were determined by the use of pooled standard deviation, and 5 times selected sample replication (LOD = 18.28 ng and LOQ = 60.31 ng). Figure 6 shows densitometric scanning on Camag TLC scanner III in the absorbance mode at 215 nm. The result for each sample was evaluated via peak areas, and the amount of withaferin A was calculated ( Table 3 ). The pre-analyzed samples were spiked with extra 100% of the standard withaferin A and the mixtures were re-analyzed by the proposed method. Microwave assisted extraction (MAE) gave 88.18% recovery of the MAE method. The roots of the plants, especially W. somnifera are considered to be enriched with bioactive withaferin A and are used in polyherbal preparations [13,14a] , however, our results show that in all samples, the concentration level of withaferin A in the aerial part is higher than in the root. The concentration range of withaferin A in the aerial part was 2.2 to 32.5 µg/g DW. A few samples have lower than 18.28 ng of withaferin A in their structures, thus their data not shown in Table 3 .
In this study, in corroboration with earlier reports [14b, 22] , we found the maximum content of withaferin A to be in the leaves, a renewable source. The highest content of withaferin A in the populations of W. somnifera and W. coagulans was [8] . In the present study we detect and report the withaferin A compound in W. coagulans, with contents ranging from 2.2 to 30.1 µg/g DW. These results demonstrate that the quantity of withaferin A in plant materials of Withania species growing in Iran were less than other chemotypes reported from India and Pakistan.
Variation in metabolite composition may be attributable to environmental factors. It appears also that genetic variation may be responsible for differential accumulation of this bioactive principle. Variation in expression or activity of genes/enzymes involved in the production of this bioactive molecule can account these differences. Furthermore, the present investigation supports the contention that Withania species from different sources are in fact likely to possess different properties with potential bioactivity and health benefits. The present research used for the first time the methods of RAPD and HPTLC to evaluate the relationship and correlation between the genetic and chemical diversity of natural populations of W. somnifera and W. coagulans from Iran, which may be a basis for improving of conservation methods and breeding programs. Identification of genes/enzymes involved in regulating the production of this important compound could also be a major goal of future research in this area.
Experimental
Plant material: A total of twenty-nine natural populations of both species were sampled across five provinces from the Southeast to the Southwest of Iran, including the provinces Sistan and Baluchestan, Hormozgan, Kerman, Fars and Khuzestan (Figure 2 and Table 4 ). The sampling strategy was designed to cover the whole distribution range of the genus as widely as possible. In each population, at least three plants were randomly selected. Young leaves were collected, dried in a plastic bag with silica gel, transported to the laboratory and stored in a -80ºC freezer until use. Voucher specimens of W. somnifera (No. MP-1182) and W. coagulans (No. MP-602) have been deposited at the Herbarium of Shahid Beheshti University, Tehran, Iran.
RAPD protocols
DNA extraction: Total DNA was isolated from the leaves by a modified CTAB method [23] . The purity and quantity of isolated genomic DNA from different samples was determined spectrophotometrically and confirmed using 0.8% agarose gel electrophoresis against known concentrations of unrestricted lambda DNA. Finally, varying the concentration of isolated DNA (5, 10, 15, 20 and 25 ng) revealed that 5 ng resulted in the maximum number of reproducible bands, and therefore this concentration was used as a template DNA in all subsequent PCR reactions. Seventy-three RAPD primers were initially screened for amplification and finally sixteen informative and reproducible primers i.e., OPC-06, OPD-02, OPAE-10, OPAD-02, OPAD13, OPAD-15, OPAC-11 (Operon Technologies, Alameda, CA, USA), BE-01, Data processing: Amplified fragments were scored according to their presence (1) or absence (0) to create binary data matrices. Only distinct, wellresolved fragments were scored. A binary matrix was used to estimate the genetic similarities between pairs by employing a Dice index [24] . These similarity coefficients were used to construct a dendrogram by the unweighted pair group method with arithmetic averages (UPGMA) employing the SAHN (Sequential, Agglomerative, Hierarchical, and Nested clustering) from the NTSYS-PC (Numerical Taxonomy and Multivariate Analysis System), version 2.02 (Applied Biostatistics) program [25] .
Withaferin A determination
Extraction and standard solution: The analytical grade solvents formic acid and ethyl acetate were obtained from Merck (Darmstadt, Germany). Methanol (HPLC grade) and toluene purchased from Caledon Laboratories LTD (Georgetown, Ont., Canada) and Panreac (Barcelona, Spain), respectively. Authentic withaferin A (100%) obtained from Chromadex (Santa Ana, CA, USA). MilliQ HPLC grade water used for study. Microwaveassisted extraction (MAE) was employed for the extraction of withaferin A in the samples. One-gram of ground aerial part and root samples of each population were poured a glass vessel, 10 mL of methanol (50%). The glass vessel protected by Teflon cover was recapped and placed in the microwave oven (National, Matsushita Co., Japan). Microwave power (450 W), and irradiation time (1 min) were evaluated for the extraction of withaferin A from the aerial part and root of samples. The extracts were cooled to room temperature for about 10 min., centrifuged for 10 min in 6000 rpm, filtered through Whatman filter paper No. 42, transferred to a Petri dish, and dried at room temperature. The residue was dissolved in 1 mL of 50% HPLC grade methanol and kept in the refrigerator prior to analysis. Standard solutions ranging from 40 to 1200 ng spot -1 was also prepared.
HPTLC instrumentation and chromatography:
CAMAG TLC system composed of linomat 5 autosampler, TLC scanner 3, and winCATS 1.2.2 software (CAMAG, Muttens, Switzerland) was used. Chromatography was performed on TLC precoated silica gel 60 F254 plates 20 ×10 cm of Merck (Darmstadt, Germany) using ethyl acetate/toluene/formic acid/2-propanol (7:2:0.5:0.5) as mobile phase. The standard and sample solutions were applied to the HPTLC plates in 7 mm length at 10 mm intervals under N 2 stream by Linomat 5 applicator. The plate was dried by hair dryer. After development and drying of plates, evaluation of both standard and samples were performed by scanning at λ 215 nm with a CAMAG TLC scanner III controlled by winCATS 1.2.2 software. The peak areas were recorded for all the peaks. The amount of withaferin A was computed from peak areas.
